This article reviews the use and effectiveness of emergency cerclage for women who present with a dilated cervix in the second trimester of pregnancy and seeks to identify predictors of favorable emergency cerclage outcomes. We searched PubMed and the Cochrane Library for the period January 1995 to April 2012 and used the terms ''emergency cerclage,'' ''emergency stitch,'' ''rescue cerclage,'' and ''rescue stitch.'' Thirty-four studies in which transvaginal emergency cervical cerclage was performed in women with a dilated cervix were identified and included. Predictors of poor outcome were prolapsed membranes, evidence of intra-amniotic or systemic infection, symptomatic presentation, cervical dilatation greater than 3 cm, or cerclage after 22 weeks. According to observational and limited randomized controlled trials, the cerclage group did significantly better than the bed-rest group in mean randomization-to-delivery interval, preterm delivery before 34 weeks, and compound neonatal morbidity. The current data suggest that emergency cerclage is associated with a longer latency period and, most often, with better pregnancy outcomes when compared with bed rest. Many of the predictors of adverse outcomes appear to be associated with evidence of inflammation or infection.
In 1995, Aarts et al 1 published a seminal review in this journal. It addressed the optimal management of an open cervix with membranes visible or herniating through the cervical os in the second trimester. This is not a common finding, and he was able to find only 249 reported cases internationally. The key question was, and still remains, whether these patients benefit from an emergency cerclage. At the time, Aarts et al concluded that the outlook for these pregnancies without a cerclage was almost invariably poor, whereas a cerclage resulted in good outcomes in about half the cases.
A literature review published a decade later by Cockwell and Smith 2 on 638 women with a dilated cervix and either bulging or ''hourglassing'' membranes suggested that emergency cerclage under ''ideal circumstances'' could significantly improve pregnancy outcome. However, the optimal circumstances were not defined.
In the 17 years since 1995, little has changed. The frequency of an asymptomatic dilatation of the cervix remains low, but constitutes an obstetric emergency with a significant risk for pregnancy loss or prematurity, with subsequent sequelae. However, a 1996 article by Iams et al 3 provided major insight into the role of the cervix in preterm birth, reporting that progressive asymptomatic shortening and/or funneling of the cervix resulted in a higher risk of preterm birth. Shortened cervix became synonymous with ''incompetent cervix,'' or ''cervical insufficiency,'' and became an integral consideration regarding the risk of preterm birth.
Preterm birth is the leading cause of perinatal morbidity, with survival rates estimated at 54% at 25 weeks of gestation, 38% at 24 weeks of gestation, and 23% at 23 weeks of gestation. 4 Recent advances in neonatal care have improved the prognosis for infants born at 24 to 26 weeks of gestation. 5, 6 However, almost 50% of infants born before 25 completed weeks of gestation that do survive have 1 or more disabilities. 7 True cervical insufficiency is a well-recognized cause of preterm birth in the second or early third trimester of pregnancy. In its classic form, affected women have a history of recurrent painless cervical dilation leading to birth in the second trimester. Without universally accepted clinical criteria for the diagnosis, it is made by exclusion.
8Y11 Therefore, the incidence of cervical insufficiency is very difficult to determine. Furthermore, the pathophysiology of cervical insufficiency is still poorly understood and is probably multifactorial. 12 However, in the absence of definitive tests to discriminate between cervical insufficiency due to an inherently weakened cervix (classic) or secondary to another, perhaps infectious or inflammatory, cause, clinicians are inclined to consider the possible benefit of cervical cerclage in every case.
Given the fact that measurement of cervical length has been demonstrated to be a sensitive predictor of preterm birth in both low-risk 13, 14 and high-risk pregnancies, 15 many centers and clinicians have incorporated routine cervical assessment as part of the second-trimester anatomy scan. Three large studiesVFonseca et al, 16 the PREGNANT study, 17 and the PECEP study 18 V have found cervical length to be a powerful predictor for preterm birth. The frequency of short cervix in lowrisk populations in these large studies was dependent on short cervix definition: 1.7% had cervical length of 15 mm or less in the study of Fonseca et al (n = 24,620), 2.3% had cervical length between 10 and 20 mm in the PREGNANT study (n = 32,091), and 6% had a cervical length of 25 mm or less in the PECEP study (n = 11,875). These studies confirm that, among women with the infrequent finding of a short cervix, detection of an open cervix was extremely low.
The widespread use of sonographic cervical assessment to identify women at risk for preterm birth allows diagnosis of not only a short cervix, but also an asymptomatically dilated one, often before there is evidence of uterine activity and/or infection. With increasing incorporation of cervical length screening into the routine midtrimester anatomy scan, we are likely to see more women diagnosed with cervical shortening or asymptomatic dilatation of the cervix before the onset of clinical signs.
Of the many studies on the management of a sonographically detected short cervix, a substantial number compare cerclage to bed rest, 19Y23 but these demonstrate inconsistent results. The Cochrane systematic review suggests that the role of cerclage is more limited than previously thought. 24 A full analysis and discussion of the management of short cervix are outside the scope of this review; however, most cerclage studies excluded cases with an open cervix and membranes that are exposed to the vagina. 20, 23 In the studies without this exclusion, this subset of women represented a small portion of the women included, as outlined above. The PREGNANT study, demonstrating that progesterone therapy improves neonatal outcomes, excluded women with open cervix and those with cervical length of less than 10 mm.
Women with an open cervix in the second trimester may represent the later stages of the mechanisms causing a sonographically short cervix. However, cervical dilation may also be the result of different or additional mechanisms. Because such patients represent only a small proportion of women with a short cervix, studies of short cervix may not be applicable to these women. In women with a dilated cervix, the membranes are exposed to vaginal flora without the mechanical protection of the closed cervix and its mucous plug. It has been previously documented that this factor is associated with imminent delivery. 1 In addition, cerclage in the setting of an open cervix is a more challenging surgical procedure, often requiring different techniques and manipulations to achieve success, and therefore studies of cerclage in women with a short cervix may not be generalizable to women with a dilated cervix.
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Because of these issues, we have decided to review the available literature on cerclage in women with an open cervix (as opposed to short cervix). Whereas in 1995 Aarts et al 1 analyzed the results of mainly small retrospective studies, we review 1 randomized controlled trial (RCT), in addition to 7 prospective and much larger series.
METHODS

Literature Search
We searched PubMed and the Cochrane Library for randomized or observational emergency cerclage studies published between January 1995 and April 2012. Search terms were ''emergency cerclage,'' ''emergency stitch,'' ''rescue cerclage,'' and ''rescue stitch.'' We
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Obstetrical and Gynecological Survey EC indicates emergency cerclage; GA, gestational age; Pros, prospective; Case, case control; Through cx, Prolapsed through cervix; NS, not stated; S, speculum; Ret, retrospective; Cohort, cohort study;
At ext os, At or beyond external cervical os; Sym, symptoms; Routine, routine examination; med, median; Aft int os, Beyond internal cervical os; US, Ultrasound screening; D, digital; yes/no, absence or prolapsing into vagina; Aft ext os, Beyond external cervical os; Bulging, bulging or hourglassing into vagina.
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Emergency Cerclage & CME Review Article also reviewed the publications for all relevant studies and references. We included all studies in which transvaginal emergency cervical cerclage was performed in women with a clinically or sonographically dilated cervix with or without prolapsed membranes. We excluded publications that were not in English and studies that included women with only a sonographically identified short cervix or with a poorly documented short cervix.
RESULTS
Thirty-four studies met our inclusion criteria (Table 1) ; 33 were observational, and 1 study was an RCT. Seventeen were cohort studies that described pregnancy outcomes and prognostic factors for favorable and unfavorable perinatal outcomes after emergency cerclage.
1,2,25Y39 Fifteen of these 1,25Y38 were retrospective studies.
Sixteen observational studies were case-control designs; 4 retrospective 40Y43 and 1 prospective 44 study compared emergency cerclage with bed rest. In addition, 5 retrospective 45Y49 and 1 prospective 50 study compared emergency cerclage with elective or urgent cerclage. Three observational prospective studies evaluated amniotic fluid parameters after amniocentesis between an emergency cerclage group and low-risk pregnant women as a control group.
51Y53 Two retrospective observational studies compared management techniques. One studied 2 methods for reducing amniochorionic membranes back to the uterine cavity at the time of cerclage by amnioreduction versus the use of intracervical Foley balloon catheter. 54 In the second study, pregnancy outcome and neonatal survival rate were compared between 2 groups of women who had 
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Obstetrical and Gynecological Survey emergency cerclage with or without diagnostic amniocentesis before the procedure. 55 Only 1 study was an RCT with emergency cerclage and expectant management groups. 56 The studies differed in methodology, inclusion and exclusion criteria, and outcome measures.
A total of 994 cases of emergency cerclage were included in the review (Table 1) 
Pregnancy outcomes are presented in Table 2 . The mean prolongation of pregnancy after cerclage was 8 weeks + 5 days, and mean gestational age at delivery was 30 weeks + 4 days. Live birth rate was 84.8% with mean birth weight of 1766 g and neonatal survival of 80.6%. Chorioamnionitis (diagnosed either clinically or histologically) occurred in 34.5% of the cases.
Only 3 studies 25, 26, 29 looked at outcome of surviving infants at 1 year of age (Table 3 ). The rate of normal development of the surviving neonates was between 66.7% and 100%.
Predictors of Emergency Cerclage Success
Multiple small cohort studies have tried to identify predictors of favorable outcomes.
25Y27,30Y33,47,51Y53,55
These studies differed in design as well as in the included predictors of success or failure.
Intra-amniotic Markers of Infection
Infection in the setting of a dilated cervix could be the reason for the cervical dilatation, and it also could be its result, as the amniotic membranes are exposed to the vagina and its flora. Thus, the infection and its markers are in some cases the etiological factor for the cervical dilatation and, in others, signal a poor prognosis.
Four studies have looked at different markers of infection in women with a dilated cervix.
51Y53, 55 Three of these studies compared these markers between women with a dilated cervix who underwent amnioreduction before emergency cerclage and a control group of healthy pregnant women who underwent amniocentesis for chromosomal testing. 51Y53 Weiner et al 51 utilized a proteomic strategy to investigate the role of specific biomarkers as potential predictors. Biomarkers indicative of inflammation were more abundant in the emergency cerclage group than in the control group: the cerclage group had 27% of the cases with a mass restricted (MR) score (a proteomic signature profile) indicative of inflammation. In addition, 32% of cases had hemoglobin peaks. No women in the control group had either of these markers (P G 0.001). Moreover, among the patients who underwent emergency cerclage, women with a high inflammatory score had a shorter cerclage-to-delivery interval and delivered earlier: women with an MR score of less than 3 and no hemoglobin had a median latency period of 40.5 days (range, 1Y148 days) compared with women with both an MR score of 3 to 4 and hemoglobin of 1 whose median latency period was 3 days (range, 0Y43 days). Women with an MR score of 3 to 4 were delivered earlier than those with an MR score of 0 to 2 (P G 0.001). Similar results were observed by Lee et al 52 and Park ; amniotic fluid levels of interleukin 6 (IL-6) and cytokines and chemokines were found to be higher in the emergency cerclage group than in the control subjects (P G 0.002). Interleukins (IL-1>, IL-1A, and IL-8) were significantly increased in the group with nonsurviving neonates when compared with those whose infants survived (P = 0.010Y0.035). 53 Mays et al 55 showed that the presence of amniotic indicators of infection (low glucose, lactate dehydrogenase levels, positive Gram stain or culture) is associated with worse perinatal outcome in patients undergoing emergency cerclage. The group that had emergency cerclage after amniocentesis had a significantly longer mean admission-to-delivery interval (93.4 T 33.1 vs 16.7 T 20.5 days), higher mean gestational age at delivery (35.2 T 4.2 vs 23.0 T 3.8 weeks), higher mean birth weight (2508 T 900 vs 556 T 302 g), and higher neonatal survival rate (100% vs 28.6%) than did the group that had emergency cerclage without amniocentesis and the group that had no cerclage after amniocentesis (P G .001). The authors recommended amniocentesis before emergency cerclage placement to identify women with subclinical chorioamnionitis who would not benefit from the procedure.
Systemic Markers of Infection
Small studies evaluating systemic markers of infection and association with perinatal outcome have had contradictory results. Caruso et al 25 did not find a significant difference in white cell count and vaginalcervical and urine cultures on admission between patients with good pregnancy outcome (live birth) and those with poor outcome (defined as stillbirth or neonatal death).
Minakami et al 26 and Gupta et al 27 found that preoperative markers of infection, such as elevated C-reactive protein and white blood cell count, temperature, and maternal tachycardia were associated with a poor outcome, defined as a delivery occurring less than 14 days after cerclage procedure by Minakami et al 26 and as delivery before 32 weeks by Gupta et al. 27 Prolapsed Membranes Protruding membranes that are exposed to the vaginal flora could potentially increase the risk of ascending infection. The perinatal mortality rate reported by Lipitz et al 28 was significantly higher among patients with membranes protruding through the cervix on admission compared with a control group without membrane protrusion. Moreover, prolapsed membranes beyond the external os were found to predict preterm delivery 27 and shorter duration between intervention and delivery. 29, 30 In contrast, a small retrospective study by Wu et al 45 found that protruded membranes into the vagina affected neither pregnancy duration nor birth weight. In a larger series by Debby et al, 31 patients with hourglass bulging of fetal membranes into the vagina had a shorter intervention-to-delivery interval than did patients without membrane protrusion and delivered at a lower mean gestational age, but there was no difference in the incidence of chorioamnionitis or in neonatal survival.
Cervical Dilatation
The degree of cervical dilatation was found in several studies to predict poor outcome. Wu et al 45 found that greater cervical dilatation correlated with shorter interval to delivery. Other studies have found that a cutoff of dilatation of greater than 3 cm 27, 38 or greater than 4 cm 26 predicted worse outcomes. In a study by Schorr and Morales, 29 cerclage success was significantly lower when attempted at a cervical dilatation of 4 cm or greater with bulging membranes compared with cervical dilatation of less than 4 cm with bulging membranes.
Cervical Sonography
Cervical sonography may have several different roles in relation to the diagnosis and management of the dilated cervix: (1) early detection of a dilated cervix on routine ultrasound, as scanning between 19 and 21 weeks is becoming a standard in all pregnancies, and more cases of open cervix could be detected before the presence of any symptoms 43 ; (2) in patients with symptoms such as discharge or compression, an ultrasound can detect a dilated cervix without digital manipulation that may result in an increase in major risk of infection and/or ruptured membranes; (3) in patients with clinical detection of protruding membranes, ultrasound can easily diagnose the cervical dilatation above the hourglassing membranes; (4) specific cervical measurements could be related to prognosis; and (5) postoperative ultrasound also may be of prognostic value.
Indication for Cervical Examination. Cases detected at routine ultrasound were associated with a better outcome than symptomatic women presenting in the studies by Gupta et al, 27 Steel et al, 33 and Abo-Yaqoub et al. 38 However, failure was not universal where symptoms were present.
Preoperative Sonographic Cervical Features. In the study by Fuchs et al, 32 preoperative ultrasonic cervical length measurement did not improve prediction of early 384 Obstetrical and Gynecological Survey preterm birth over clinically assessed cervical dilatation in women undergoing an emergency cerclage. On the other hand, Guzman et al 39 found that preoperative funnel width correlated with gestational age at birth, whereas preoperative digital assessments of cervical dilatation did not.
Postoperative Sonographic Cervical Features. In the study by Guzman et al, 39 there was a correlation between postoperative endocervical canal length, length of the lower cervix and the cervical index (1 + funnel length / endocervical canal length), and gestational age at birth. Moreover, postoperative funneling to the cervical stitch was significantly associated with preterm delivery in a study by O'Brien et al. 47 Time of Intervention Various retrospective series have found cerclage placement before 22 weeks to be associated with better outcomes when compared with later procedures. 38, 40 On the other hand, Gupta et al 27 found no relationship between perinatal outcome and gestational age at suture insertion.
Demographics
There are limited and conflicting data on demographic predictors of perinatal outcomes. Ventolini et al 40 found that maternal age younger than 25 years and parity less than 3 were predictors for improved outcome with cerclage. Steel et al 33 found that failure rate was higher in black African women.
Emergency Cerclage Versus Expectant Management
Treatment options with advanced cervical dilatation are limited to either expectant management versus placement of an emergency cervical cerclage. These 2 options may carry a significant risk; as a result, clinicians typically face a major dilemma in this setting.
Several studies have compared emergency cerclage versus expectant management (Table 4 ). These studies had major variations in the studied population, the overall design and methodologies, and therapeutic treatment approaches compared.
Stupin et al 41 conducted the largest trial; this was retrospective and included 161 women with amniotic sac prolapse. The perinatal outcome was improved in the cerclage group, including improved live birth rate, increased birth weight, and prolonged pregnancy. Consistently, other smaller observational retrospective trials have found significantly increased interval from treatment-to-delivery and increased mean birth weight 40, 42, 43 in the cerclage groups. In addition, higher neonatal survival rates 42, 43 and live birth rates 42 with †Multiple pregnancies were included with no additional details. ‡The suture was removed in 3 patients within less than 2 weeks due to preterm rupture of membranes or strong persistent contractions after the cerclage placement.
§Three patients in the EC were unable to have cerclage placed due to advanced cervical dilatation and effacement. EC indicates emergency cerclage group; BR, bed-rest group; GA, gestational age; NS, not stated; Int os, beyond internal cervical os; RCT, randomized controlled trial; At ext os, at or beyond a dilated external cervical os; Beyond ext os, beyond a dilated external cervical os.
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Emergency Cerclage & CME Review Article decreased neonatal intensive care unit stays in the emergency cerclage groups were observed. 42, 43 These results were supported by an observational study by Olatunbosun et al. 44 In this prospective study, the treatment options between cerclage and bed rest were based on the discretion of the attending physician, although tocolytic agents, broad-spectrum antibiotics, and indomethacin were administered in both groups. Patients in the emergency cerclage group had significantly higher mean gestational age at delivery (33 T 4.4 vs 28.8 T 4.4 weeks, P = 0.001) and mean birth weight (2.0 T 0.8 vs 1.2 T 0.7 kg, P = 0.02) compared with the bed-rest group. Moreover, the patients in the cerclage group required significantly less tocolysis and a shorter period of antepartum hospitalization and experienced fewer complications of preterm premature rupture of the membranes. Perinatal mortality was not significantly different between the emergency cerclage and bed-rest group.
The only randomized prospective study of emergency cerclage, by Althuisius et al, 56 compared 1 group of 13 women (10 singleton and 3 twin pregnancies) who were allocated to emergency cerclage with 10 women (6 singleton and 4 twin pregnancies) who had bed rest only. All the participants received antibiotic treatment for 1 week, whereas the cerclage group also received indomethacin treatment. The cerclage group did significantly better compared with the bedrest group in mean randomization-to-delivery interval (54 vs 20 days, P = 0.046), preterm delivery before 34 weeks (54% vs 100%, P = 0.02), and compound neonatal morbidity that was defined as admission to the neonatal intensive care unit and/or neonatal death (62.5% vs 100%; P = 0.02; relative risk, 1.6; 95% confidence interval, 1.1Y2.3). However, no significant difference was found in neonatal survival (56.3% vs 28.6%). Of note, the study groups were small and thus more prone to confounders. One such confounder was that the cerclage group had fewer twin pregnancies. Another confounder was the combined therapy with cerclage and indomethacin versus bed rest, which does not allow assessment of the impact of either alone.
PROTUDING MEMBRANES AND AMNIOREDUCTION
Protruding membranes often interfere with the identification of the cervix and its dilatation, as well as with the successful placement of the cerclage. Several different techniques have been proposed with no consensus. For example, Locatelli et al 54 recommended amnioreduction of 220 to 340 mL at the time of cerclage placement for women with a dilated cervix and prolapsed fetal membranes. Amnioreduction was associated with a lower rate of extreme prematurity and related neonatal morbidity compared with the use of the intracervical Foley balloon catheter.
CONCLUSIONS
These data show again that, as described by Aarts et al 1 and Cockwell and Smith, 2 an emergency cerclage can be of benefit to some well-selected patients with advanced cervical dilatation, as it has been associated with a longer latency period and better neonatal outcomes compared with bed rest.
The current data suggest that there may be 2 different populations of ''responders'' and ''nonresponders'' to cerclage. There are data on predictors for poor outcome: prolapsed membranes, evidence of intraamniotic and systemic infection, symptomatic presentation, cervical dilatation greater than 3 cm, or cerclage after 22 weeks. We speculate that many of these could be associated with evidence of inflammation or infection, as suggested by the few studies that tested the systemic or amniotic fluid level of markers for inflammation. Furthermore, the clinical predictors of visible or hourglassing membranes on clinical examination and cervical dilatation of more than 3 to 4 cm could also reflect an effect of ascending infection and/or inflammation. Although amniocentesis before emergency cerclage is currently not obligatory, further studies on amniocentesis for ruling out occult infection in this setting may help define which patients are most likely to benefit from cerclage. Amniocentesis for amnioreduction purposes may also help surgically in reducing hourglassing and bulging membranes. There is an acute need for prospective studies and, mainly, randomized trials that can evaluate the benefits of surgical intervention and assess appropriate patient selection. The neonatal and long-term outcomes have to be evaluated as well, as these are ultimately the more important outcomes than mere prolongation of pregnancy.
